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© A full color liquid crystal flat panel display having 
a step waveplate (22) provides one-quarter and 
three-quarter wave phase retardation to alternating 
rows (24, 26) which provide left and right views. The 
resulting right and left views are circular polarized in 



opposite directions which to a viewer wearing cir- 
cularly polarized glasses (23) provides the left and 
right views to the appropriate eye such that the 
viewer is able to see full color three-dimensional 
images. 
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Th pr sent invention pertains to full color 
three-dimensional displays. Linear polarizing strips 
hav been placed on a TV screen with an intent to 
effect a three-dim nsional imag . On difficulty of 
th this approach has been the fabrication of such 
lin ar polarization strips which are to be placed on 
th TV screen. 

The present invention as characterized in claim 
1 discloses a full color three-dimensional liquid 
crystal display having alternating rows of fixed re- 
tardation varying phases by one-half wave. By 
spatially alternating views on correspondingly al- 
ternating rows or columns, and passing the light 
through a retarder to alternate phase retardation, 
the views are circularly polarized in opposite direc- 
tions or otherwise have discriminantly affected po- 
larization and a quarter waveplate for the respective 
circular polarizations. Thus a viewer with circularly 
polarized glasses has the respective view present- 
ed to the appropriate eye in thus the viewer per- 
ceives a three-dimensional full color view. Pre- 
ferred details and embodiments are described in 
th dependent claims. The invention will be de- 
scribed in detail with reference to the attached 
drawings, in which: 
Figure 1 

reveals one embodiment of the invention; 
Figures 2a and 2b 

illustrate liquid crystal and mica crystal retard- 
ers, respectively; 
Rgure 3 

shows the structure of a basic liquid crystal 

retarder; 

Rgure 4 

is a graph of retandance versus voltage for a 
liquid crystal retarder cell; 
Rgures 5 and 6 

reveal two configurations for alternating row re- 

tardance; 

Rgure 7 

illustrates a color liquid crystal display flat panel 
incorporating a liquid crystal retarder; 
Rgure 8a 

shows the stack arrangement for a flat panel 
display incorporating a twisted nematic liquid 
crystal material; 
Rgure 8b 

shows the stack arrangement for a flat panel 
display incorporating a guest/host liquid crystal 
material; 
Rgure 9 

reveals another embodiment of the invention; 
and 

Rgur 10 

indicates the arrangement for a display incor- 
porating a Faraday rotator. 
Description of th Preferred Embodiments One 
embodiment incorporates a full color active matrix 



liquid crystal flat pan I display and a separat 
liquid crystal cell, capable of providing alt mating 
lin s of fixed retardation varying in phas by one- 
half wave. The retardation c II is aligned and 
5 superimposed over the image forming flat panel 
display. 

In figure 1, display 10 incorporates step re- 
tardation. Light 18 and 20 exiting flat panel display 
12 is normally plane polarized (i.e., the polarization 

70 vector is in one specific direction). Alternating lines 
14 and 16 present two different views of a scene or 
image for the right eye and the left eye, respec- 
tively. The alternating (spacially) right eye/left eye 
views on corresponding lines 14 and 16 may be 

75 columns or rows of panel 12. The light from these 
alternating lines 14 and 16 pass through retarder 
22 which alternates in the form of etched steps 24 
and 26 to match the alternating display lines 14 
and 16, between one-quarter wave and three-quar- 

20 ter wave phase retardation. The light of lines 14 
represents one view which passes through the 
quarter wave retarder lines or notches 24 of 
waveplate 22 resulting in light that is circularly 
polarized in the right hand direction. The light from 

25 lines 16 represents another view and passes 
through the three-quarter wave retarder lines or 
humps 26 of waveplate 22 resulting in circularly 
polarized light in the left hand direction. For basics, 
linearly polarized light in the S orientation transmit- 

30 ted through a one quarter wave plate becomes 
right circularly polarized and through the three 
quarter wave plate becomes left circularly polar- 
ized. Linearly polarized light in the P orientation 
transmitted through a one quarter wave plate be- 

35 comes left circularly polarized. Thus, with the two 
views representing the right and left images of the 
stereo presentation, a viewer wearing correspond- 
ingly circularly polarized glasses or visor 23, a 
correct view to the respective eye of the stereo 

40 image is presented thereby resulting in a three- 
dimensional perception by the viewer. 

Display 10 may use either alternating rows or 
columns to perform the function of providing dual 
images (stereo pairs), although alternating rows is 

45 preferred. It is the horizontal direction that provides 
disparity and stereo queues and therefore desirable 
to have high addressability in the horizontal direc- 
tion. The need for high addressability in a horizon- 
tal direction outweighs the minimal vertical offset 

so caused by the alternating rows. The vertical offset 
presented by alternating rows is adequate and us- 
able. 

Optical retarder 22 may be made of some 
transparent anisotropic material such as mica, 
55 quartz and potassium dihydrogen phosphate 
(KDP), as well as liquid crystals. Typical optical 
r tarders have two orthogonal axes 25 (in figure 1) 
within the anistropic material. These axes are 
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called th ordinary and xtraordinary directions 
(axes), or fast and slow axes, within the crystal. 
Th component of light in the ordinary direction will 
travel with on phas velocity whil the component 
in the extraordinary directions will have a different 
phase velocity. One component will have its phase 
retarded with respect to the other, causing a rota- 
tion in the plane of polarization, or a change of 
state of the emerging light. The phase difference is 
proportional to the path length of light in the me- 
dium and is given by the equation which is A = 
27r(ne-no)T/ where A is the phase difference, T is 
the thickness of the medium, and rio and n© are the 
indices of refraction along the ordinary and extraor- 
dinary axes, respectively. 

Interest here is in the effect on the polarization 
state where there is one-quarter wave and three- 
quarter wave retardation. A quarter wave plate pro- 
duces a phase retardation of A = W2. The thick- 
ness of such a plate is therefore T = X/4(ne - no). A 
three-quarter wave plate produces a phase retarda- 
tion of A = 3W2 and the thickness thus is equal to 
T = 3X/4(n e - no). Display 10 permits one to utilize 
a standard flat panel display to produce three- 
dimensional imagery, retaining the characteristic 
power, weight, volume, and color capabilities of the 
flat panel. 

Two-dimensional imagery is also possible. 
Resolution is twice improved over three-dimension- 
al imagery. Two-dimensional imagery is displayed 
on the panel by electronically eliminating disparity. 
The display is visible with or without the polariza- 
tion glasses and is not degraded by the retarder 
placed over the display. Circular polarization, as a 
result of retarder 22 permits head tilt without glos- 
sive image intensity. 

Retarder 22, composed of liquid crystal, ap- 
pears to provide the best overall performance char- 
acteristics. Nematic liquid crystals are anistropic 
materials which can be oriented to form a birefrin- 
gent layer. Liquid crystals aligned between suitably 
prepared substrates can be used as large aperture 
retardation plates. Furthermore, the retardance of 
these cells can be tuned by applying an appro- 
priate electric field. This capability makes a liquid 
crystal cell ideally suited for use with the three- 
dimensional flat panel color display. Liquid crystal 
retarders are superior to retarders made from natu- 
ral crystals in several respects. For most natural 
crystals, mechanical considerations generally ne- 
cessitate the construction of multiple order 
waveplates with limited fields of view. Although 
zero order waveplates can be constructed, they are 
xpensive and difficult to fabricate. Transmission 
losses can be significant and large aperture 
waveplates can be very expensive or impossible to 
fabricate. There is sufficient variability in birefrin- 
gence of liquid crystals to provide a wide retarda- 



tion rang . Transmission is typically greater than 
95% and larg aperture d vie s can be made 
r lativ ly asy and xpensiv ly. 

Another material, mica, may b used in con- 

5 struction of retarder 22 in figure 2b. Mica is a 
natural crystal that can be used in very thin pieces. 
Effective quarter wave, three-quarter wave steps 
may be etched in the mica to appropriate thicknes- 
ses. Such mica is bonded to the front of a display 

70 panel. A limitation to using mica is that optical 
quality mica sheets are not available in very large 
sizes, for instance, typically no larger than approxi- 
mately nine square inches. To cover a twenty-five 
square inch area, several pieces of mica would 

75 have to be piled together. This approach presents 
fabrication difficulties in lining up the component 
axes with respect to each other yet the use of mica 
retarder for three-dimensional flat panel color dis- 
play 10 is at least a back-up approach. By etching 

20 or milling mica or some other material, a step 
retarder can also be formed. These retarders can 
be first order or multiorder in form. A cover glass 
or durable coating can be applied over the mica or 
other materials for protection. 

25 . One form of construction of the liquid crystal 
step retarder is depositing a striped pattern with 
transparent electrodes (e.g., Indium Tin Oxyde 
ITO). The cell is designed through control of its 
thickness, to have a nominal retardation of 3/4 X, 

30 when voltage is applied. The areas defined by 
striped electrodes result in a retardation of x/4. 
Another approach is for the fixed liquid crystal step 
retarder wherein the liquid crystal material is situ- 
ated such that the physical thickness alternates 

35 between rows lambda/four and three/four lambda 
retardation as noted in figure 2a. 

The preferred embodiment is an attached liq- 
uid crystal retarder cell 22 to the front of flat panel 
12. Sizes up to 12 x 12 inches can easily be 

40 accommodated. Liquid crystal retarder 22 possess 
high retardance uniformity. Figure 3 reveals the 
construction of a basic crystal retarder 22. Retarder 
22 is constructed in a sandwich fashion. Transpar- 
ent electrode (ITO) 52 is a layer on substrate 54. A 

45 layer of polyimide 62 is on ITO 52. Similarly, ITO 
56 is a layer on substrate 58. A layer of polyimide 
60 is on ITO 56. Between layers 60 and 62 is liquid 
crystal 64 and spacers 66 which maintain a particu- 
lar distance between parallel layers 60 and 62. The 

50 maximum retardance of a tunable liquid crystal 
retarder 22 occurs at zero voltage and is deter- 
mined by the thickness of the cell and the refrac- 
tive indices of the liquid crystal, just as in the 
determination with solid crystal retarders. A voltage 

55 applied to the cell decreases the amount of re- 
tardation introduced until a saturation voltag zero 
r tardance is obtained. Figur 4 shows the retar- 
dance versus voltage for the typical liquid crystal 
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r tarder c II. Thus, the orientation of th liquid 
crystal axis is continuously adjustable with variation 
of th voltag applied across th front. Th ffec- 
tiv bir fringenc (rie -no), and thus retardation, as 
seen by light normally incident to the cell is con- 
tinuously variable within the boundary limits. The 
pr sent embodiment uses a cell designed to have 
a retardation difference of one-half wave between 
the "off on" state of the cell. Ideally, this cell will 
have one-half wave retardation at zero volts and 
z ro retardation at any voltage greater than the 
saturation voltage. Additional quarter wave retarda- 
tion may be supplied either by liquid crystal re- 
tarder or a separate solid retarder. The result is two 
available states of retardation - one-quarter wave 
and three-quarter wave. 

Figure 5 illustrates one way of achieving retar- 
dance of appropriate rows 14 and 16 of panel 12. A 
s t of electrodes 30 are superimposed over al- 
ternate rows of flat panel 12. The thickness of the 
cell of panel 12 is set for three-quarter wave re- 
tardation at zero volts. Electrodes 30 over alternat- 
ing rows drive these rows with voltage sufficient to 
provide overall one-quarter wave retardation. Rows 
32 without electrodes retain their original three- 
quarter wave retardation. 

An alternate approach, shown in figure 6, has 
electrodes over each of the rows of panel 12. 
Interleaved indium tin oxide (ITO) electrodes 34 
and 36 are placed over the rows of panel 12, 
allowing one voltage to be applied to all odd rows 
34 and another voltage applied to even rows 36. 
The "on" and "off" voltages applied to alternate 
rows 34 and 36, respectively, supply quarter wave 
and three-quarter wave retardance values. Parallax 
effects due to the difference between line retarder 
22 and the act of media in panel 12 are minimized 
with a fiber optic substrate on the viewing side of 
liquid crystal display fiat panel and a fiber optic 
substrate on the side of the liquid crystal retarder 
which mates to fiat panel 1 2. As illustrated in figure 
7, these fiber optic substrates transfer the image 
from the image forming plane retarder 22. With 
respect to conservation of the polarization state, 
test on fiber optic substrates have revealed for the 
given thickness, the linearly polarized light exiting 
display 10 is not effected. 

Figure 7 shows section 80 for color display 10. 
Backlight of display 10 enters through diffuser 72 
and polarizer 74, respectively. Then the light goes 
through lower substrate 76 which is a tin film 
transistor array having pixel electrodes 78 mounted 
on the array. Light then goes through layer 82 of 
liquid crystal mat rial. Lay r or fib r optic substrate 
86 is supported on lower substrat 76 by spacers 
100 which provide space for liquid crystal material 
82. Color filters 84 are at th base of substrate 86 
with common electrode 101. After coming through 



substrat 86, light goes through a polariz r layer 
88, fiber optic substrate 90, ITO rows 92, liquid 
crystal r tard r 96 and top substrate 98, in that 
order. Spacers 94 maintain space b tween layers 

5 92 and 98 for liquid crystal material of retarder 96. 

Alternatively, incorporating a twisted nematic 
liquid crystal material in flat panel display 10 re- 
quires an outer polarizer 38 between fiber optic 
substrates in display section 68 (figure 8a). Tests 

w have shown that polarizers of less than 6 thickness 
neither restrict the viewing zone or cause any sig- 
nificant image degradation. Outer polarizer 38 is 
not required if a guest/host liquid crystal material is 
used in display section 70 for flat panel display 10 

75 of figure 8b. Retarder 22 may be a ferro-electric 
liquid crystal Faraday rotator as shown in figures 9 
and 10. The light exiting display panel 12 is plane 
polarized. The plane polarized light then enters 
retarder 22 or ferro-electric liquid crystal Faraday 

20 rotator (FELCFR). Retarder 22 is patterned so that 
its electrodes match the pitch of the liquid display's 
rows. Unlike liquid crystal display 12, the FELCFR 
consists of only row electrodes and is thus not a 
matrix. Rows 44 and 46 are addressed with signals 

25 of opposite voltage polarity so that the position of 
the north and south magnetic poles of the ferro- 
electric (FE) material reverse every row. Conse- 
quently, the plane polarized light exiting liquid cry- 
stal display 12 will be Faraday rotated when it 

30 passes through FELCFR 22. The direction of rota- 
tion will depend on magnetic polarity of the FE 
material. The degree of rotation is fixed by the cell 
thickness and the type of FE liquid crystal material. 
These will be chosen to impart a 45* clockwise 

35 (LH) and counterclockwise (RH) rotation. The result 
is that the light information exiting adjacent rows of 
the FELCFR will have a 90* difference between 
their polarization axes. This light is then passed 
through an appropriately oriented 1/4-wave plate 42 

40 to create ieft-circularly and right-circularly polarized 
light, respectively, for left and right images. With 
the viewer wearing circularly polarized glasses 23, 
the correct view for the left and right eye images 
are presented to the appropriate eyes. 

45 

Claims 

1. A full color, three-dimensional flat panel dis- 
play characterized by: 

so a) means (14) for displaying a first image 

(18) having a first polarization; 

b) means (16) for displaying a second im- 
age (20) having a first polarization; and 

c) means (22) for changing the first polariza- 
55 tion of the first image (18) to a second 

polarization. 

2. The apparatus of claim 1 , characterized by a 



4 



7 



EP 0 477 882 A2 



8 



m ans (22) for changing th first polarization of 
th second imag (20) to a third polarization. 

3. Th apparatus of claim 2, chara terized in 
that 

a) the first polarization is linear; 

b) the second polarization is circular having 
a first direction; and 

c) the third polarization is circular having a 
second direction. 

4. The apparatus of one of the preceding claims, 
characterized In that 

a) said means (14) for displaying a first 
image (18) is a first plurality of display lines; 

b) said means (14) for displaying a second 
image (20) is a second plurality of display 
lines; and 

c) said first plurality of display lines is inter- 
laced with said second plurality of display 
lines. 



plurality of display lin s and of said second 
plurality of display lines, r spectively. 

9. The apparatus of claim 6, 7 or 8, character- 
5 Ized in that said wave retarder is a ferro- 
electric liquid crystal faraday rotator (22). 

10. The apparatus of one of the preceding claims, 
wherein said flat panel display provides three- 

10 dimensional images to a viewer at a given 

level of resolution and provides two-dimen- 
sional images to the viewer at twice the given 
level of resolution, when the first and second 
images are the same. 

75 

11. The apparatus of one of the preceding claims, 
characterized by fiber optic substrates (86, 
90) provided between the retarder, polarizer 
and/or filter means. 

20 



5. The apparatus of claim 4, characterized in 
that each of said first plurality of display lines 
alternates with each of said second plurality of 25 
display lines, on said display. 

6. The apparatus of one of the preceding claims, 
characterized in that said means (22) for 
changing the first polarization of the first image 30 
(18) to a second polarization and said means 

(22) for changing the first polarization of the 
second image (20) to a third polarization are a 
wave retarder proximate to said display, having 
a structure that applies one-quarter-wave re- 35 
tardation (24) and three-quarter-wave retarda- 
tion (26) to said first plurality of display lines 
and to said second plurality of display lines, 
respectively. 

40 

7. The apparatus of claim 6, characterized in 
that said wave retarder (22) is a waveplate 
having one-quarter wave steps (24) and three- 
quarter wave steps (26) etched in said 
waveplate in the form of lines that overlap the 45 
first and second pluralities of display lines, 
respectively. 

8. The apparatus of one of the claims 1 to 5, 
characterized in that said means (22) for 50 
changing the first polarization of the first image 

to a second polarization and said means for 
changing the first polarization of the second 
imag to a third polarization ar a wave re- 
tarder (22) proximate to said display, having a 55 
structure that imparts a clockwis rotation to 
th first polarization and a count rclockwise 
rotation to the second polarization of said first 
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